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Abstract 

Let i? be a complete discrete valuation ring of mixed characteristic 
(0,p) with fraction field K. We study stable models of p-cyclic covers 
ofF]^. First, we determine the monodromy extension, the monodromy 
group, its filtration and the Swan conductor for special covers of ar- 
bitrarily high genus with potential good reduction. In the case p = 2 
we consider hyperelliptic curves of genus 2. 



1 Introduction 

Let {R, v) be a complete discrete valuation ring of mixed characteristic (0,p) 
with fraction field K containing a primitve p-th root of unity Cp and alge- 
braically closed residue field k. The stable reduction theorem states that 
given a smooth, projective, geometrically connected curve C / K oi genus 
g{C) > 2, there exists a unique minimal Galois extension M/K called the 
monodromy extension of C/K such that Cm := C x M has stable reduction 
over M. The group G = GaA{M / K) is the monodromy group of C/K. In a 
previous paper, Lehr and Matignon |LM06j gave an algorithm to determine 
the stable reduction of p-cyclic covers of F]^ under the extra assumption 
of equidistant geometry of the branch locus and obtain information about 
the monodromy extension M/K of C/K. This makes effective a theorem of 
Raynaud |Ray90| in the case of p-cyclic covers of F]^. The present article 
studies examples of such p-cyclic covers but is independent of their work and 
develops specific methods to treat our special covers. 

Let C be the stable model of Cm/M and Autfc(Cfc)* the subgroup of 
Autfc(Cfc) of elements acting trivially on the reduction in Ck of the ramifica- 
tion locus of Cm — ^ F\t (see |Liu02j 10.1.3 for the definition of the reduction 
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map of Cm)- One derives from the stable reduction theorem the following 
injection : 

GdA{M/K) Autfc(Cfc)#. (1) 

When the p-Sylow subgroups of these groups are isomorphic, one says that 
the wild monodromy is maximal. We are interested in realization of covers 
such that the p-adic valuation of | Autfc(CA;)*| is large and having maximal 
wild monodromy, we will study ramification filtrations and Swan conductors 
of their monodromy extensions. 

In section [3], we consider examples of covers of arbitrarily high genus 
having potential good reduction. Let n E , q = p", \ = (p — 1 and 
K = Q^'^(Ai/(i+'')). We study covers CJK of F]^ defined by Yp = 1 + cX? + 
with ceR, t;(AP/(i+«)) > v{c) and f (c^ - c) > v{p). 

Theorem 1.1. The stable reduction Ck/k is canonically a p- cyclic cover of 
¥\. It is smooth, ramified at one point oo and etale outside oo. The ram- 
ification locus of Cm — ^ Pm i^^duces in oo and the group Autfc(Cfc)* has a 
unique p-Sylow subgroup Antk{Ck)f ■ Moreover, the curve Cc/K has maximal 
wild monodromy M/K. The extension M/K is the decomposition field of an 
explicitly given polynomial and Ga\{M / K) ^ Autfc(Cfe)f is an extra-special 
p-group of order pq^ . 

Let X/k be a p-cyclic cover of of genus g{X), ramified at one point oo 
and etale outside oo. According to [LM05] . the p-Sylow subgroup Goo,i(X) 
of the subgroup of Autfc(X) of automorphisms leaving oo fixed satisfies 
|Goo,i(-^)| < (pl^)2 5'(^)^- The stable reduction C^/k of Theorem 11.11 is such 

that Goo,i(Cfc) = Autfc(Cfc)f and |Goo,i(Cfc)| = So we obtain the 

largest possible maximal wild monodromy for curves over some finite exten- 
sion of Qp'' with genus in ^^p^ in the good reduction case. 

The group Goo,i{Ck) = Autfc(Cfc)f is endowed with the ramification filtra- 
tion (Goo,j(Cfc))j>o which is easily seen to be : 

Goafi{Ck) = Goo,l{Ck) 2 Z(Goo,o(Cfc)) = Coo,2{Ck) = ■ ■ ■ = Goo,l+q{Ck) 2 {I}- 

Moreover, G := Gal(M/i^) being the Galois group of a finite extension of 
Qp"", it is endowed with the ramification filtration {Gi)i>o of an arithmetic 
nature. Since G ~ Goo,i{Ck) it is natural to ask for the behaviour of (G'i)i>o 
under ([T]), that is to compare (G'i)i>o and {GooA{Ck))i>o- One shows that they 
actually coincide and we compute the conductor exponent f{Ja.c{Cc)/K) of 
Ja,c{Cc)/K and its Swan conductor sw(Jac(Cc)/-ft') : 
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Theorem 1.2. Under the hypotheses of Theorem \l.l\ the lower ramification 
filtration of G is : 



G = Go = Gi 2 Z(G) = 



2 {I}- 



Then, f{Jac{Cc)/K) 
sw(Jac(C,)/Q-) = 1. 



(2g + — 1) and, in the case where c G 



The value sw(Jac(Cc)/Qp'^) = 1 is the smallest one among abelian vari- 
eties over Qp'' with non tame monodromy extension. That is, in some sense, a 
counter part of ^BK94j and |LRS93j where an upper bound for the conductor 
exponent is given and it is shown that this bound is actually achieved. 

In section m one restricts to the case p = 2 and genus 2. In this situation 
there are three possible types of geometry for the stable reduction. In each 
case, one gives a family of curves with this degeneration type such that the 
wild monodromy is maximal. This has applications to the inverse Galois 
problem. For example, we have the following : 



Proposition 1.1. Let K = Q2'^(2^/^^) and Cq/K the smooth, projective, 
geometrically integral curve given by Y"^ = I + 2^/^X^ + + + . 

The irreducible components of its stable reduction Ck/k are elliptic curves. 
The monodromy extension M/K of Cq/K is the decomposition field of an 
explicitly given polynomial. The curve Cq/K has maximal wild monodromy 
and G := Gal{M/K) ~ Qg x Qg- Moreover, we have 



Gi 



and sw(Jac(Co)/-ft') = 45. 



Qs X Qg, 
Z(Q8) X Qg, 
{1} X Qg 
{1} X Z(Qg) 
{l}x{l}, 



-1 < z < 1, 
2 < i < 3, 
4 < i < 31, 
32 < z < 543, 
544 < i. 



Some of the results that we give here were already available in a previous 
preprint of C. Lehr and M. Matignon (see |LMj ) , results about the arithmetic 
of the monodromy extensions, ramification and conductors are new. 



2 Background. 

Notations. Let (i?, v) be a complete discrete valuation ring (DVR) of mixed 
characteristic (0,p) with fraction field K and algebraically closed residue field 
k. We denote by ttk a uniformizer of R and assume that K contains a prim- 
itive p-th root of unity Cp- Let A := Cp — 1- li L/ K is axi algebraic extension. 



3 



we will denote by 7r2,(resp. vl, resp. L°) a uniformizer for L (resp. the 
prolongation of f to L such that viijiL) = 1, resp. the ring of integers of L). 
If there is no possible confusion we note v for the prolongation of v to an 
algebraic closure K'^^^ of K. 

1. Stable reduction of curves. The first result is due to Deligne and 
Mumford (see for example [Liu02j for a presentation following Artin and 
Winters) . 

Theorem 2.1 (Stable reduction theorem). LetC/K he a smooth, projective, 
geometrically connected curve over K of genus g{C) > 2. There exists a 
unique finite Galois extension M/K minimal for the inclusion relation such 
that Cm/M has stable reduction. The stable model C of Cm/M over M° is 
unique up to isomorphism. One has a canonical injective morphism : 

Gal{M/K) A Autfe(Cfc). (2) 

Remarks : 

1. Let's explain the action of Gal(ir^'s/^) on Ck/k. The group Ga\{K''^^/K) 
acts on Cm := C x M on the right. By unicity of the stable model, 
this action extends to C : 



C 



a 



c 



M° 



a 



M° 



Since k = k^^ one gets ax k = Id^, whence the announced action. The 
last assertion of the theorem characterizes the elements of Gal{K^^^/M) 
as the elements of Gal{K'^^^/K) that trivially act on C^/k. 

2. If p > 2g(C) + 1, then C / K has stable reduction over a tamely ramified 
extension of K. We will study examples of covers with p < 2g{C) + 1. 

3. Our results will cover the elliptic case. Let E/K be an elliptic curve 
with additive reduction. If its modular invariant is integral, then there 
exists a smallest extension M of K over which E/K has good reduction. 
Else E/K obtains split multiplicative reduction over a unique quadratic 
extension of K ( see |Kra90j ). 
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Definition 2.1. The extension M/K is the monodromy extension ofC/K. 
We call Gal{M / K) the monodromy group of C/K. It has a unique p- 
Sylow subgroup GaA{M/K)i called the wild monodromy group. The extension 
M/M'^^^^^'^^^^'^ is the wild monodromy extension. 

From now on we consider smooth, projective, geometrically integral curves 
C/K of genus g{C) > 2 birationally given by Yp = f{X) := ULoi^ - ^0"' 
with (p, ^*=o"'*) ~ iPi'^^i) — 1 V < i < t, Xj G . Moreover, 
we assume that Vi 7^ j, v{xi — Xj) = 0, that is to say, the branch locus 
B = {xq, . . . ,Xt,oo} of the cover has equidistant geometry. We denote by 
Ram the ramification locus of the cover. 

Remark : We only ask p-cyclic covers to satisfy Raynaud's theorem 1' 
|Ray90| condition, that is the branch locus is A'-rational with equidistant 
geometry. This has consequences on the image of ([2]). 

Proposition 2.1. Let T = Proj(M°[Xo, Xi]) with X = Xq/Xi. The nor- 
malization y of T in K(Cm) admits a blowing-up y which is a semi-stable 
model o/Cm/M. The dual graph ofyt/k is a tree and the points in Ram 
specialize in a unique irreducible component Dq — ofyt/k. There exists 
a contraction morphism h : y ^ C, where C is the stable model of Cm/M 
and 

Ga\{M/K) ^ Autfe(Cfc)#, (3) 

where Autk{Ck)* is the subgroup of Autk{Ck) of elements inducing the identity 
on H^Dq). 

Proof Let /(X) = (X - xo)""5(X) and ario + bp = l. Then above T\B = 
Spec A (resp. T\{B\xo} = SpecAo), the equation of 3^ is : 

A[Y]/iYP - fix)) (resp. Ao[F]/(r^ - (X - a;o)5(X)»)), 

(using |Liu02j 4.1.18). Since v{S{xq)) = 0, the ramification locus Ram spe- 
cialize in a unique component Dq of y^- Using |Ray90] theorem 2, one 
sees that is a tree. It implies that there exists a contraction morphism 
h : y ^ X of the components of 3^fc isomorphic to meeting y^ in at most 2 
points ( |Liu02] 7.5.4 and 8.3.36). The scheme X is seen to be stable ( |Liu02j 
10.3.31), so A' ~C. 

The component Dq is smooth of genus (being birational to a curve with 
function field a purely inseparable extension of i^(P^)) so Dq ~ P^. Then, 
B having i^-rational equidistant geometry with \B\ > 3, any element of 
Ga\{M/K) induces the identity on Dq, giving ([3]). □ 

Remark : The component Dq is the so called original component. 
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Definition 2.2. // is surjective, we say that C has maximal monodromy. 
Ifvp{\ Gal{M/ K)\) = Vp{\ Aut;;(Cfc)*|), we say thatC has maximal wild mon- 
odromy. 

Definition 2.3. The valuation on K{X) corresponding to the discrete valu- 
ation ring is called the Gauss valuation vx with respect to X. We 
then have 




= min{f (oj), < i < m}. 



Note that a change of variables T = for y, p ^ R induces a Gauss 
valuation vt- These valuations are exactly those that come from the local 
rings at generic points of components in the semi-stables models ofF]^. 

2. Galois extensions of complete DVRs. Let L/K be a finite Galois 
extension with group G. Then G is endowed with a lower ramification fil- 
tration (G'j)j>_i where Gi is the i-tfi lower ramification group defined by 
Gi := {a E G \ Vi^aijiL) — vr^) > i + 1}. The integers i such that Gi ^ Gj+i 
are called lower breaks. For a G G — {1}, let icier) '■= ^^(^"(TrL) — t^l)- The 
group G is also endowed with a higher ramification filtration (G*)j>_i which 
can be computed from the Gj's by means of the Herbrand's function fL/K- 
The real numbers t such that Ve > 0, G*^'^ ^ G* are called higher breaks. 
We will use the following lemma (see for example |Hyo87| ). 

Lemma 2.1. Let L/K defined by = 1 + wvr|^ with < s < ^^VKip), 
(s,p) = 1 and w G . The different ideal Vl/k satisfies : 

p — 1 

vkCDl/k) = vk{p) H (1 - s). 

p 

3. Extra-special p-groups. The Galois groups and automorphism groups 
that we will have to consider are p-groups with peculiar group theoretic 
properties (see for example |Suz82j for an account on extra-special ]9-groups). 
We will denote by Z(G) (resp. D(G), $(G)) the center (resp. the derived 
subgroup, the Frattini subgroup) of G. If G is a p-group, one has $(G) = 
D(G)GP. 

Definition 2.4. An extra-special p-group is a non abelian p-group G such 
that D(G) = Z(G) = <I>(G) has order p. 

Proposition 2.2. Let G be an extra-special p-group. 

L Then \G\ = p^n+i some n G . 
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2. One has the exact sequence 

Z{G) (Z/pZ)2" ^ 0. 

Remark : With the previous notations, we will encounter curves such that 
the p-Sylow subgroup of Autfc(Cfc)* is an extra-special p-group. In this case, 
the above short exact sequence has a geometric description that we will make 
explicit later on. 

4. Torsion points on abelian varieties. Let A/K be an abelian variety 
over K with potential good reduction. Let £ 7^ p be a prime number, we 
denote by A[i] the ^-torsion subgroup of A{K^^^) and by Ti{A) = l^mA\£^] 
(resp. Vi{A) = Ti{A) Q^) the Tate module (resp. £-adic Tate module) of 
A. 

The following result may be found in |Gur03] (paragraph 3). We recall it 
for the convenience of the reader. 

Lemma 2.2. Let k = k'^^^ be a field with char k = p > and C/k be a 

projective, smooth, integral curve. Let i ^ p be a prime number and H be a 
finite subgroup of Autk{C) such that {\H\,i) = 1. Then 

2g{C/H) = dimp^ Jac{C)[if 



If £ > 3, then L = K{A[i]) is the minimal extension over which A/K has 
good reduction. It is a Galois extension with group G (see |ST68j ). We denote 
by re (resp. 1^) the character of the regular (resp. unit) representation of 
G. We denote by I the inertia group of K^^^/K. For further explanations 
about conductor exponents see }Ser67j . |Ogg67| and |ST68] . 

Definition 2.5. 1. Let 

«g(o-) := -icier), cr^l, 

and swg := aG — rG + 1g- Then, ac is the character of a Q£[G]-module 
and there exists a projective Ijf\G]-module Swc such that Swc^z^Q^ 
has character sw^. 
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2. We still denote by 7>(A) (resp. A[e]) the Z([G]-module (resp. F^G]- 
module) afforded by G ^ Aut(7>(A)) (resp. G Aut{A[l]) ). Let 

sw{A/K) := dimF^HomG(SwG, 
e{A/K) := codiniQ, V,{Ay . 

The integer f{A/K):=e{A/K) + iiv{A/K) is the so called conductor 
exponent ofA/K and sw{A/K) is the Swan conductor ofA/K. 

Proposition 2.3. Let I ^ p, l>?> be a prime number. 

1. The integers ss^{A/K) and t{A/ K) are independent of £. 

2. One has 

sw{A/K) = E jil ^^^e A[e]/A[if^. 

i>i ' 

Moreover, fori large enough, e{A/K) = dim^^ A[£]/ A[£]^° . 

Remark : It follows from the definition that sw{A/K) = if and only if 
Gi = {!}. The Swan conductor is a measure of the wild ramification. 



3 Covers with potential good reduction. 

We start by fixing notations that will be used throughout this section. 

Notations. We denote by m the maximal ideal of {K^^^)°. Let n G N^, 
q = p"' and a„ = (— p)^"*"^ +-+q_ \Ye denote by Q^'' the maximal unram- 
ified extension of Qp. Let K := Q^'^(AV(i+9)). For c e R let 

One defines the modified monodromy polynomial by 

Le(X) = X^' - an{c + X)f,,,{Xy-\ 

Let Cc/K and Aq/k be the smooth projective integral curves birationally 
given respectively by — fq,c{X) and — w — t^^"^. 

Theorem 3.1. The curve Cc/K has potential good reduction isomorphic to 

Aq/k. 

1. If v{c) > v{\P^^^^'^^) , then the monodromy extension of Cc/K is trivial. 
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2. If v{c) < w(AP/(i+«)), let y he a root of L^{X) m fsT^'e. Then has 
good reduction over K(y, fg dvY^^) ■ If Lc{X) is irreducible over K, 
then Cc/K has maximal wild monodromy. The monodromy extension 
ofCc/K isM = K{y, fgAvY^^) and G = Ga\{M/K) is an extra-special 
p-group of order pq"^. If c & R with v{c^ — c) > v{p), then Lc{X) is 
irreducible over K , the lower ramification filtration of G is 

G = Go = G^^G2 = ■■■ = G,+g = Z{G) D {1}. 

Moreover, one has f{Jac{Cc)/K) = {2q + l){p - 1). If c E Q^'' then 
sw(Jac(C,^ '^""'^ 



Proof 1. Assume that v{c) > t;(AP/(i+«)). Set Xp/^^+i^T = X &nd XW + 1 = Y . 
Then, the equation defining Cc/ K becomes 

{\W + lf = Y^ (^\XW' = 1 + cX^'i/^^+'i)T'> + X^T^+'i. 

After simphfication by and reduction modulo t^k this equation gives : 

- ti; = at^ + t^+\ aek. (4) 

By Hurwitz formula the genus of the curve defined by (jl]) is seen to be that of 
Cc/K . Applying |Liu02] 10.3.44, there is a component in the stable reduc- 
tion birationally given by (jl]). The stable reduction being a tree, the curve 
Cc/K has good reduction over K. 

2. The proof of the first part is divided into six steps. Let y be a root of 
Lc{X). 

Step I : One has v{y) = v{anc)/q^. 
Since ?/ is a root of Lc(X), one has 

/ = a„(c + y)/,,,(yr\ 

so viy) > 0. Assume that f (c + y) > v{y). Then, q^viy) > v{an) + v{y) and 



c) > v{y) > = which is a contradiction. So f (c + y) < v{y) 



thus f (c + y) = v{c). 
step II : DeRne S and T by A^/^^+^^T = {X -y) = S. Then, 

f,,ciS + y)^ f,M + y'S + (c + y)S'^ + 5^+^ mod A^mfT]. 
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Using the following formula for A e K"^^^ with v{A) > and B G [K'-'^^yiT] 

{A + B)" = {A'^/P + B^/Py mod p^m[T], 

one computes mod A^m[T] 

f^^^{y + S) = l + c{y + Sy + {y + Sy+^ 

= 1 + ciy^/P + S'^^Pf + {y + S){y'i'P + S'^'^f 
^ Uc{y) + iy' + + (c + y)S'^ + 3'+'^ + (c + 

where S = J2lz\ (P)yi'i/psip->')q/p_ Using Step I, one checks that S G \Pm[T]. 

Step III : Let Ri := For ail < i < n, there exist Bi G -Ri and 

Ai{S) G i?i[S'] suci that mod A^m[T] one iias ; 

U,{S + y)^ Uc{y){i + SA{S)r + y'S + 5,5^/^' + S'^'^. (5) 
One defines the Ai{S)'s and the Sj's by induction. For all < i < ri — 1, let 

BP 

Bn := - y'' and Bi := fq,c{y)-. 

Ao{S) :=0 and SA^,{S) := SA,{S)-p-^f,M-^B,+,S'^'P'*\ 

One checks that for all < i < 

BdUM = {-P){-pr'-""~\-yVUc{y)r~\ 

and 

viBi) >(! + - + ... + -—)v{p), VI < i < n. (6) 
p ^ 

It follows that V 1 < i < n, p-^Bi e Ri, \/ < i < n A{S) G and 
Bq = c + y since Lc(?/) = 0. 

One proves this step by induction on i. According to Step II, the equa- 
tion (|5]) holds for i = 0. Assume that ([5]) is satisfied for i. Taking into 
account that 

p-i 

' " -k 



b.+iS'''"'E(''7^)s''a+i(s)', 

k=i ^ ^ 



10 



are in APm[T], one gets (jSD for z + 1. 

Step IV : The curve Cc/ K has good reduction over K{y, fq^dvY^^)- 
Applying Step III for i = n, one gets 

+ S) = + SA„iS)r + S'+^ mod X^m[T], 

then the change of variables in K(y, fq^civY^^) 

X = ap/(i+«)t + 2/ = 5 + 2/ and = AW^ + 1 + SA^S), 

induces in reduction — w = 1^+" with genus g{Cc)- So |Liu02] 10.3.44 
implies that the above change of variables gives the stable model. 

Step V : For any distinct roots yi, yj of Lc{X), v{yi — yj) = v(Xp^^^^'^^) . 
The changes of variables T = {X - ?/i)/AP/(i+«) and T = (X - y^) / \p/^^+''^ 
induce equivalent Gauss valuations of K{Cc) else applying |Liu02] 10.3.44 
would contradict the uniqueness of the stable model. In particular v{yi — yj) > 

Using Step I, one checks that v{q^y'^ > t'(a„) and v{fg^^{y)) > 0, so : 

Taking into account that L'^iyi) = YljjtiiVi ~ Vj) ^^"^ degLc(X) = g^, one 
obtains v{y, - y^) = v{Xp^^'^+'^^). 

Step VI : If Lc{X) is irreducible over K, then K(y, fg^ciyY^-^) is the mon- 
odromy extension M of Cc/K and G := Gal^M / K) is an extra-special p- 
group of order pq^ . 

Let (2/i)i=i,...,g2 be the roots of Lc{X), L := K{yi, . . . ,yq2) and M/K be 
the monodromy extension of Cc/K. Any r G Gal{L/K) — {1} is such that 
r(?/j) = yj for some i ^ j. Thus, the change of variables 

X = Af/(i+5)T + y, and ^ = AW^ + 1 + SA„iS), 

Jq,c[yi) 

induces the stable model and r acts on it by : 

r{T) = hence T - r(T) - ' 



According to Step V, r acts non-trivially on the stable reduction. It fol- 
lows that L C M. Indeed if Gal{K^^^/M) ^ Ga\{K^^^/L) it would exist 
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cr G Gal{K''^^ / M) inducing a 7^ Id G GdA{L/K), which would contradict the 
characterization of Geil{K^^^/M) (see remark after Theorem 12 .ip . 

According to |LM05j . the p-Sylow subgroup Autfc(Cfc)f of Autjfc(Cfc)* is 
an extra-special p-group of order pq"^. Moreover, one has : 

Z(Autfc(Cfc)f ) ^ Autfe(Cfc)f ^ (Z/pZ)2" ^ 0, 

where (Z/pZ)^" is identified with the group of translations t h-> t+a extending 
to elements of Autfc(Cfc)f . Therefore we have morphisms 

Gal(M/ir) A Autfc(Cfc)f 4 Autfc(Cfe)f /Z(Autfc(Cfe)f ). 

The composition is seen to be surjective since the image contains the 
translations t t + {yi — ?/i)/Ap/(^+'?). Consequently, i{Ga\{M / K)) is a sub- 
group of Autfc(Cfc)f of index at most p. So it contains ^{Autk{Ck)f) = 
Z(Autfc(Cfc)f ) = KeKfi. It implies that i is an isomorphism. Thus [M : K] = 
pq\ By Step IV, one has M C K{y, fUvY'")^ hence M = K{y, fM^'")- 

We show, for later use, that K{yi)/K is Galois and that Gal{M/K{yi)) = 
'Zi{G). Indeed, M/K{yi) is p-cychc and generated by a defined by : 

a{y,) = y, and aifM'^') = C^'UMf'"- 
According to Step IV, a acts on the stable model by : 

Hence 

— ^ = \a{W) + 1 + SAn{S), 

thus, a{W) = CpW + 1 + SAn{S). 

It follows that, in reduction, a induces the Artin-Schreier morphism that gen- 
erates Z(Autfc(Cfc)f). It implies that K{yi)/K is Galois, Ga\{M/K{yi)) = 
Z(G) and Ga\{K{yi)/K) ~ (Z/pZ)^". 

We now prove the statements concerning the arithmetic of M/ K. We assume 
that c E R with f (c^ — c) > v{p) and we split the proof into 5 steps. Let 
y he a root of L^{X) and := {-l)i-pY+P+-+P"~\ Note that &^ = a„ 
and L := K{yi, . . . ,yg2) = K{yi). We note that f(c^ — c) > so 
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y(AP/(i+9)) > v(c) implies v{c) = 0. 

Step A : The polynomial Lc{X) is irreducible over K. 
One computes 

(y^'/P - chnY = y^" + {-cfar, + S 

= a„(l + y\c + i/))'^-^(c + + (-c)^'a„, + E 

= a^y + a„(c + (-c)P) + a„S' + S, 

where S := ECl (^^/''''^''(-c&n)^-' and S' := EEl ('^^'''(c + 
Using Step I one checks that > v{any) and f (S') > f (?/'') > v{y). 

Since f (c^ — c) > > v{y), one gets : 

and t := p"?' - c6„)-(p-i)(''+i) G L has valuation VL{p)/q^ = [L : Q^'"]/?^. 
So divides [L : i^]. It implies that Lc{X) is irreducible over K. 

Step B : Reduction step. 

The last non-trivial group Gi^ of the lower ramification filtration (G'i)i>o of 
G := Gal{M/K) is a subgroup of Z(G) f jSiFTO] IV §2 Corollary 2 of Propo- 
sition 9) and as Z(G) ^ Z/pZ, it follows that = 2(6"). 

According to Step VI the group H := Gal(M/L) is 'Zi{G). Consequently, 
the filtration (G'j)j>o can be deduced from that of M/L and L/K (see |Ser79j 
IV §2 Proposition 2 and Corollary of Proposition 3). 

Step C : The ramihcation hltration of L/K is : 

iG/H)o = (G/H), D iG/H)2 = {!}. 

Since K/Q^ is tamely ramified of degree (p — l)(g-|- 1), one has K = Qp^^hk) 
with TT^"^'"-'''''^^ = p for some uniformizer tt^ of K. In particular, 

yi'/p-cbn 

is such that t = Then, following the proof of Step A, z is a uni- 

formizer of L. Let y and y' be two distinct roots of Lc{X). Let a G Gal(L/iC) 
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such that a{y) — y'. Then 



g2 

aiz) - . - 



y'qVp - cbn y^'/P - cb„ 



^ {y,yp - Cbr,){y',yp - Cbr^y 

SO v{a{z) — z) — 2v{z) — q^v{'KK) + v{y'^^l^ — y^^^^). It follows from : 



2 

1 

2 



^y_yYlP = y.^lp^^_yYlV^Y.(f'f] 



y {-y)" , 



and v{y) = v{y'), v{p) + ^v{y) > ^v{y — y') (use Step I and Step V) that 
v{y<i^lp - y'gVp) = 3lv{y - y') = q'^v{nK). Hence v{a{z) - z) ^ 2v{z). This 
means that {G/H)2 = {!}• 

Step D : Let s :— {q + l){pq^ — 1). There exist u E L, r E 7r£rri such that 

f^^^(y)uP=l+py^/P{yl^-c)+r, 

and t'Llpy'^^^l^y— — c)) = s. 

To prove the second statement, we note that : 

with S := J2lZ}^ {^l^)y'"Kc + We set h := ^ - c and compute : 

= ,+ (_e)P + , + E + g(^)(l^j!rt-c). 



p\/y ' \k(_„\p-k 



Since v{cf — c) > v{p) > v{y), f (S) > v{y) and ^(^y-^) > 0, one gets 
VLih) = VL{y)/p = q^ — 1 and VL{py'^^'^h) = s. 
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For the first claim, if n > 2 we clioose : 

y 



u :- 



"-2 {l+q)p'' 



k=0 



-py- 



-p-\ hp"- 



1+W. 



Tlien, fq,c{y)uP - 1 = 1 + cy^ + y^+^ + Si + cy^Si + - 1 witli : 

k=l ^ ^ k=2 ^ ^ 



(l+q)p* 



l+pH hp'' 



+ S' + 



and S' := X]fc=2 (fc)^'^' where sums are eventually empty if n = 2 or p = 2. 
So : 



"-2 py(l+q)p^ 



S' + W^ 



^ ('_r,U+P+-+p'-' 
A:=l ^ ^' 



Computation shows that v{w) = v{y'^/^) and we deduce that : 



,,(i+g)p'+'= 

P,,9 I ' ^ 



-cry 



fc=0 



(_p)p+-+p 



mod 7r£m. 



One checks that viiy'^p) > s, viiy'^w'^) > s and fL(S') > s. Hence : 



n-2 



(l+5)p'= 



n-2 



f,Ay>^ - 1 = (c + (-c)^)y^ - pcy^/^ + g + 5^ y3 



{i+g)p 



A:=0 



,p)pH hp 



i+fc 



-pcy'^/P + 



9/p(l+<?) 



py' 



.q/p(y_ 



q^/p 



c] mod vrfm. 



If n = 1, we choose u := 1 — cy and check that the statement is still true. 
Step E : Computation of conductors. 

From Step D, one deduces that the extension M/L is defined by X'^ 
1 + phy'^^P + r with r G vr£m. From lemma [2?T| one gets that vm{Pm/l) 
{p — l)(g + 2). Hence 



Z/pZ c^Ho = Hi = --- = H,+g 2 {1}, 
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and according to Step B and Step C one has 



G = Go = G,D Z{G) = G2 = --- = D {1}. 

Let £ 7^ p be a prime number. Since the G-modules Jac(C7)[£] and Jac(Cfc)[£] 
are isomorphic (see |ST68j paragraph 2) one has that for z > : 

dimp, 3ac{C)[£f^ = dim^^ Jac{Ck)[if\ 

Moreover, for < z < 1 + g one has Jac(Cfe)[£]^' C Jac(Cfc)[£]^(^). Then, 
from CkfZilG) ^ (see end of Step VI) and lemma [221 it follows that for 
< z < 1 + g, dimp, Jac{Ck)[i]^' = 0. Since g{C) = q{p - l)/2, one gets 
/(Jac(C)/-ft') = (2g + l){p — 1). Moreover, if c G Q^'', an easy computation 
shows that sw{Jac{C) /Q^') = 1. □ 

Remark : li c E R with f (c) = {a/h)v{p) < f (A^^^^"^'^^) and a and h both 
prime to then Lc{X) is irreducible over K. Indeed, the expression of the 
valuation of any root y of Lc{X) shows that the ramification index of K{y) / K 
is q^. 



4 Monodromy of genus 2 hyperelliptic curves 

We restrict to the case p = 2 and deg/(X) = 5 of the introduction. In 
this situation, there are three types of geometry for the stable reduction 
(see Figure 1). For each type of degeneration, we will give an example 
of cover C/K with maximal wild monodromy and birationally given by 

= f{X) = 1 + 62X2 + 63X3 + b^X^ + X^ e R[X] over some R. De- 
fine X to be the i?-model of C/K given by Y"^ = f{X) and let's describe 
each degeneration type. 

The Jacobian criterion shows that X^/k has two singularities if and only 
if 63 7^ 0. Type I occurs when X^/k has two singularities and by blowing-up 
X at these points one obtains two elliptic curves. Type II (resp. type III) 
occurs in the one singularity case when there are two (resp. one) irreducible 
components of non genus in the stable reduction. The elliptic curves E/k 
that we will encounter are birationally given hj w"^ — w = t^. They are such 
that Autfc(-E') ~ Sl2(F3) has a unique 2-Sylow subgroup isomorphic to Qs- 
We denote by Dq the original component defined in Proposition 12.11 
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Figure 1 

Magma codes used in this section are available on the authors webpages 
jCM] . 

Notations. For /(X) e R[X], let 

/(X + x) = so{x) + Si(x)X + S2ix)X^ + S3(X)X=^ + S4(X)X^ + X^ 

be the Taylor expansion of / and define 

Tf{Y):=s,{Yf~4so{Y)s2{Y). 

Degeneration type III : This is the case of potential good reduction. For 
example, using notations of the previous section, let K := Q^^((-2)V5) and 
Ci/K be the smooth, projective, geometrically integral curve birationally 
given by = l + X'^ + X^ = /4_i(X). Then, Ci/K has potential good reduc- 
tion with maximal wild monodromy M/K, the group Gal(M/i^) is an extra- 
special 2-group of order 2^ /(Jac(Ci)/K) = 9 and sw(Jac(Ci)/Q^'-) = 1. 

Degeneration type I : 

Proposition 4.1. Let p := 2^/3, 62,63,64 e Qf'^, K := Q2'(62, 63, 64) and 
C/K be the smooth, projective, geometrically integral curve birationally given 
by 

Y^ = /(X) = 1 + 62X2 + 63X^ + 64X^ + X^ 

with v{bi) > and f (63) = 0. Assume that 1 + 6362 + 6^64 ^ mod ttk- 
Then C has stable reduction of type I and 

Tf{Y) = T,j{Y)T2j{Y) with T,j{Y) e K[Y], 

such thatT\f{Y) = Y^ e k[Y] andJ^f{Y) = Y'^ + bs^ e k[Y]. IfTijiY) and 
T2j{Y) are irreducible over K and define linearly disjoint extensions, then 
C/K has maximal wild monodromy M/K with group Ga\{M / K) Qq x Qg. 
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Proof. Using Maple, one computes Tf{Y) and reduces it mod 2. The state- 
ment about Tf{Y) follows from Hensel's lemma. 

Let y be a root of Tf{Y). Define pT = S = X — y and choose so(?/)^^^ 
and S2{yY^^ such that 2so(y)^/^S2(i/)^/^ = si{y). Then 

fiS + y) = soiy) + s,iy)S + S2iy)S' + s,iy)S' + s,iy)S' + S' 
= {s,{yf'^ + s,{yY/^Sf + s,{y)S' + s,{y)S' + S' 
= {s,{yf'^ + s,{yf/^pTf + s,{y)p'T' + s,{y)p'T' + p'T\ 

The change of variables 

pT = ^ = X - y and F = + {so{yf'^ + S2(y)^/'^), 

induces 

+ (.0(1/)'/' + sM"^S)W = sMT' + S4(l/)pT^ + /T^ 

which is an equation of a quasi-projective flat scheme over K(y, /{yY^'^y 
with special fiber given hy — w = t^. 

Let (l/i)i=i,...,4 (resp. (l/i)i=5,...,8) be the roots of Tij(F) (resp. T2j(F)). 
Then, for any i G {1, . . . , 4} and j G {5, . . . , 8}, the above computations 
show that C has stable reduction over L := K{yi,yj, /{yiY^'^, f(yjy/'^) (use 
|Liu02j 10.3.44). Moreover two distinct roots of Tij(V) (resp. T2j(F)) 
induce equivalent Gauss valuations on K{C), else it would contradict the 
uniqueness of the stable model. In particular, 

viy^-yJ)>v{p), t^je {1,2,3,4} or t ^ j e {5,6,7,8}, (7) 
v{y^-yj) = 0, «e {1,2,3,4} and jG {5,6,7,8}, 

which implies that f (disc(Tij(F))) + f (disc(T2j(F))) = f (disc(Ty(F))) and 
disc(Tjj(F)) > 12f(p) = 8f(2) for i = 1,2. These are equalities if and only 
if ([7j) are all equalities. Using Maple, one has 

2-16 disc(Tj(F)) = bl{l + 63^2 + blb^y mod 2, 

thus one gets that ([7]) are all equalities, therefore 

y2 - yi ys - yi y^ - yi 
'^i ■> ■> ■) 
p p p 

are all distinct mod ttk- Applying Hensel's lemma to Tij[pY + yi) shows 
that K{yi)/K is Galois. The same holds for K{y^)/K. 
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Let's denote by Eijk and E2/k (resp. ooi and 002) the genus 1 curves in 
the stable reduction of C (resp. their crossing points with Dq). The group 
Autfe(Cfe)* ~ Autfe^ooi(-E'i) X AutA;,oo2(-S2) has a unique 2-Sylow subgroup 
isomorphic to Syl2(Autfc,ooi(-Ei)) x Syl2(Autfc,oo2(-E2)) where Aut^^ooi (-E'i) — 
Sl2(F3) denotes the subgroup of Autfe(ii^i) leaving ooj fixed. 

First, we show that L/K is the monodromy extension M/K of C/K. Let 
(7 G Gal(L/i^) inducing the identity on Ck/k. Wc show that Vi e {1, . . . , 8}, 
aiy-i) = Hi. Otherwise, since a is an isometry, (7(yi) ^ {y^, . . . ,y^} and we 
can assume that (T{yi) = 7/2- So : 

X-yi X-jji yi-y2 
a[ j = \ , 

P P P 

so (7 does not induce the identity on Ck/k. If (T(so(yi)^''^) = — 50(^1)^^^ for 
some i then (j(s2(yi)^/^) = —52(^1)^^^ ^^"^ 

a{W)-W^so{y,y/' + S2{y,Y^'pT, 

therefore a acts non trivially on Ck/k. It implies that for alH G {1, . . . , 8}, 
(^{soiyi}''^^) = SQiyif/"^ and a = Id. Since M C L, this shows that M. 

Now, we show that the wild monodromy is maximal assuming that Tij{Y) 
and T2j{Y) are irreducible over K and define linearly disjoint extensions. 
One has natural morphisms : 

Gal(M/ir) 4 Qs X Qs ^ Qg X Qs/liQs) ^ Qs/HQs) x Qs/HQs)- 

For any i G {1, . . . , 4} and j G {5, . . . , 8}, 7^ (1, 5), there exists aij G 

Gal{M/K) such that : 

= Vi and ^^^(yg) = yj, 

which is seen to act non trivially on Ck/k. The composition qopoi is then 
surjective, it implies that p o i(Gal(M/_ft')) is a subgroup of Qg x Qs/'Z'iQs) 
of index at most 2 so it contains ^{Qs x Qg/Z^Qg)) = Z{Qs) x {1} = Kerg. 
It follows that p o i is onto and i(Gal(M/i^r)) is a subgroup of Qs x Qs of 
index at most 2 so it contains ^{Qs x Qs) — '^{Qs) x Z{Qs) 2 Kerp. Finally, 
one has i(Gal(M/ir)) ^ Qs x Qs- □ 

Example : Let /o(X) := l+2^/^X'^+X^+2'^/^X^+X^ and K Q^'^(2i^). 
Then, one checks using Magma that Tf^{Y) = Tij^{Y)T2jo{Y) where Ti ^^(y) 
and T2Jq{Y) are irreducible polynomials over K and T2jo(y) is irreducible 
over the decomposition field of Tijy(y). So, the curve Cq/K defined by 

= /o(-^) has maximal wild monodromy M/K with group Gal(M/i^) ~ 

X Qs- 
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q2:= pAdicField(2,8) ; 

q2x<x> :=PolynoinialRing(q2) ; 

k<pi> :=TotallyRaiiiif iedExtension(q2,x"15-2) ; 

K<rho> : =Unramif iedExtension(k,8) ; 

Ky<y> :=PolynomialRing(K) ; 

b3:=l; 

b2:=pi"9; 

b4:=pi~6; 

T : = (2*b2*y+3*b3*y"2+4*b4*y"3+5*y"4) "2- 

4* (l+b2*y"2+b3*y~3+b4*y"4+y"5) * (b2+3*b3*y+6*b4*y"2+10*y~3) ; 

F,a,A:=Factorization(T: Extensions := true); 

Degree (F [1] [1] ) ; Degree (F [2] [1] ) ; 

L1:=A[1] 'Extension; 

LlY<Y>:=PolynoinialAlgebra(Ll) ; 

TY:=LlY!Eltseq(T) ; 

G:=Factorization(TY) ; 

G[l] [2] ;G[2] [2] ;G[3] [2] ;G[4] [2] ;G[5] [2] ; 
Degree (G [5] [1]); 

This has the following consequence for the Inverse Galois Problem : 

Corollary 4.1. With the notations of the above example, let (|/i)i=i,...,8 be the 
roots of Tf,{Y) andM^K{y,,...,ys,foiyiV/',...,foiysV^'). Then M/K 
is Galois with Galois group isomorphic to Qg x — Syl2(Autfc(Cfe)*). 

We now give results about the arithmetic of the monodromy extension of 
the previous example. 



M 




K, := /o(yi) K{y^, foiv^Y'^) 




K := Q^'-(2i/5)(2i/3) 

First of all, M/Ql'{2^'^) is the monodromy extension of Co/Q2'(2^/^)- 
Indeed, let ^ be a primitive cube root of unity. The curve Cq has a stable 
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model over M and a G Gal(ir/Q^'"(2^/5))_defined by a{2^/^) = 92^^^ acts non 
trivially on the stable reduction hj t 6t . It implies that 

Gal(M/Q^'^(2i/5)) ^ Sl2(F3) x Sl2(F3). 

Moreover, M/Ki is Galois with group isomorphic to Qs- Indeed, from the 
proof of proposition 14. ![ since Gal(M/ii"i) acts trivially on one of the two 
elliptic curves of the stable reduction, one has the injection : 

Gal(M/Ki) X {Id}. 

Moreover the image of this injection is mapped onto Q^/Z{Q^) so Gal(A'f/_ft'i) : 
Qs- The extensions Ki/K and K2/K being linearly disjoint. It implies that 
G3l{K2/K) ~ Qs and it follows that Gsl{K2/Qf{2^'^)) ~ S^lFg). Similarly, 
Gal(iri/Q^''(2i/5)) ~ si2(F3). 

This has consequences on the possible ramification subgroups arising in 
the filtrations of iG := Ga\{Ki/K) and 2G := Ga\{K2/K). Namely there 
are no subgroups of order 4, otherwise there would be a normal subgroup 
of order 4 in Sl2(F3). So the possible subgroups arising in the ramification 
filtrations of iG and 2G are Qs, '^{Qs) and {1}. 

Using Magma (see [CM] ) one computes the lower ramification filtrations 

iG = (iG)o = (iG)i D Z(iG) = (iG)2 = (iG)3 2 {1}, 

2G = (2G)o = ■ ■ ■ = (2^)5 2 2(2^) = (2^)6 = ■ ■ ■ = (2G)69 2 {!}• 

In order to compute the lower ramification filtration of Gd\{M/K), we now 
determine its upper ramification filtration since it enjoys peculiar arithmetic 
properties. Using lemma 3.5 of |Kid03j and the expressions of ^k^ik and 
one sees that Ki/K and K2/K are arithmetically disjoint. According 
to |Yam68j theorem 3, one has for any w G M : 

Gal(M/ir)" ~ iG" X 

So one gets : 

iG X 2G, 
Z(iG) X 2G, 
Gal(M/ir)" ~ <j {1} X 2G, 

{1} X Z(2G), 
{l}x{l}, 

One deduces the lower ramification filtration of Gal(M/i^) : 

-1 < z < 1, 



2G'\ 



-l<u<l, 
1 < u < 3/2, 
3/2 < M < 5, 
5 < M < 21, 
21 < u. 



Gal{M/K)i 



iG X 2G, 
Z(iG) X 2G, 
{1} X 2G, 
{1} X Z(2G), 
{l}x{l}, 



2 < i < 3, 
4 < i < 31, 
32 < i < 543, 
544 < i. 
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Let denote the genus 1 irreducible components oiC^jk by Ex and E2. Let 
(resp. if2) be a finite subgroup of Syl2(Autjt^ooi(-Si)) (resp. Syl2(Autfc oo2(-^2))) 
and £ 7^ 2 be a prime number. One has : 

Pic°(Cfc)[£]^^^^^ = Pic°(Ei)[£]^^ X V\e{E2)\if\ 

According to lemma [2^ one has dimp^ Pic °( = 2g{Ei/ Hi). It follows 
that sw(Jac(Co)/ir) = 45. 

Degeneration type II : 

Proposition 4.2. Let a? = 2, K := Q2^{a), p := and C / K he the smooth, 
projective, geometrically integral curve birationally given by 

y2 = f(^x) = 1 + a^X^ + a^X^ + X\ 

Then, C has stable reduction of type II and C/K has maximal wild mon- 
odromy M/K with group Gal(M/K) ~ (Qg x Qs) x ^/2Z. 

Proof. Using Magma, one determines the Newton polygon of Tf{Y). Then, 
Tf{Y) has 8 roots (yi)j=i,...,8 of valuation (2). By considering the Newton 
polygon of A(Z) = {Tf{Z + yi) — Tf{yi))/Z, one shows that A{Z) has 3 roots 
(say y2 — yi, Us — yi and y^ — yi) of valuation v{p) and 4 roots of valuation 
^(2)/3. 

Let yhe a. root of Tf{Y). Define pT = S = X — y and choose so(?/)^^^ and 
S2{yy^'^ such that 2so{yY^'^S2{yY^'^ = Si{y). Then the change of variables 

pT = S = X-yandY = 2W + (so(y)^/' + s^iyY^^S), 

induces 

+ {soiyY^' + S2iyY^'S)W = '-Mf^r' + '-Mflr' + 

which is an equation of a quasi-projective fiat scheme over K(y, f^yY^"^) 
with special fiber given by w'^ — w = t^. The same argument as in the 
degeneration type I shows that C has stable reduction of type II over L = 
K{y,,...,ysJ{y,Y^^...,f{ysY^'). 

We first show that L/K is the monodromy extension M/K of C/K. Let 
a G Gal^L/ K) inducing the identity on C^/k. We show that G {1, . . . , 8}, 
cr(yj) = yi. Else, for example, cr(?/i) = y2 or cr(?/i) = y^. It follows from the 
properties of the roots of A(Z) that, if (T{yi) = y2 then a acts by non trivial 
translation on Ck/k and if o"(yi) = then a acts on Ck/k by permuting the 
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genus 1 components. Once again, the same computations as in the degener- 
ation type I show that Vi G {1, . . . , 8}, (r{f{y^y/^) = f{y^f''^. Since M C L, 
one gets M = L. 

Now, we show that the wild monodromy is maximal Let's consider the 
canonical morphism : 

Gal{M/K) 4 Syl2(Autfe(Cfc)#) ~ (Qg x Qg) x Z/2Z. 

One sees Qs x Qg as the subgroup {Qs x Qg) x {1} of (Qs x Qs) x Z/2Z. Set 
H := i{Gal{M/K)) fl {Qs x Qg). One has natural morphisms : 

H^QsX Qs/Z{Qs) ^ Qs/liQs) x Qs/Z{Qs). 

Using Magma (see |CMj ) one shows that Tf{Y) is irreducible over K and 
over K[yi) one has the following decomposition in irreducible factors : 

4 

Tf{Y) = \[{Y -y;)UY), 

i=l 

and T2{Y) decomposes over K{yi,y^). It implies that q o p oi is surjective 
and p{H) is a subgroup of index at most 2 so it contains ^{Qs x Qs/7i{Qs)) 
and as for type I, one has p{H) = x Qsl'^iQs)- It implies that if is a 
subgroup of Qs x Qg of index at most 2 and again H = Qg x Qg, that is 
Qs ^ Qs ^ i{Gal{M / K)) . Finally on has a natural morphism : 

(Qs X Qs) X Z/2Z ^ (Q8/Z(Qs) x Qs/Z(Qs)) x Z/2Z. 

The composition r o i is surjective since there exist a, r G Gal(M/i^') such 
that for i e {1, . . . , 4} and j G {5, . . . , 8} 

cr(2/i) = Vi and aiy^) = yj, 
r{yi) = y5- 

Since the index of i{Ga\{M / K)) in (Qs x Qg) x Z/2Z is at most 2, this group 
contains $((Qs x Qg) x Z/2Z) D Kerr so i{Gal{M/K)) = (Qg x Qg) x 
Z/2Z. □ 

Again we derive the following result for the Inverse Galois Problem : 

Corollary 4.2. With the notations of Proposition let (?/j)j=i,...,g be the 
roots ofTfiY) andM = K{y^,...,ysJ{y^Y'\...J{ygf'^). ThenM/K ts 
Galois with Galois group isomorphic to (Qg x Qg) x Z/2Z ^ Syl2(Aut,fc(Cfe)*). 
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Remark. Throughout this paper, we have described monodromy extensions 
as decomposition fields of exphcit polynomials being p-adic approximations 
of the so called monodromy polynomial of |LM06j . The point is that the 
roots of the monodromy polynomial are the centers of the blowing-ups giving 
the stable reduction of a p-cyclic cover of F]^ with equidistant geometry. 
For a given genus, the expression of the monodromy polynomial is somehow 
generic, making it quite complicated. Since p-adically close polynomials with 
same degrees define the same extensions, it was natural to drop terms having 
a small p-adic contribution in our examples to obtain modified monodromy 
polynomials easier to handle than the actual monodromy polynomial. 



References 

[BK94] A. Brumer and K. Kramer. The conductor of an abelian variety. 
Compositio Mathematica, (92), 1994. 

[CM] P. Chretien and M. Matignon. 

http : / / www . math . u-bordeauxl . f r/~pchre tie, | 
j^ttp : //www . math . u-bo rdeauxl . fr/~ matignon} 

[Gur03] R. Guralnick. Monodromy groups of coverings of curves. In Galois 
groups and fundamental groups, volume 41. MSRI Publications, 
2003. 

[Hyo87] O. Hyodo. Wild ramification in imperfect residue field case. Ad- 
vanced Studies in Pure Mathematics, (12), 1987. 

[KidOS] M. Kida. Variation of the reduction type of elliptic curves under 
small base change with wild ramification. Central European science 
journals, (4), 2003. 

[Kra90] A. Kraus. Sur le defaut de semi-stabilite des courbes elliptiques a 
reduction additive. Manuscripta Mathematica, (69), 1990. 

[Liu02] Q. Liu. Algebraic Geometry and Arithmetic Curves. Oxford Grad- 
uate Texts in Mathematics, 2002. 



[LM] C. Lehr and M. Matignon. http : //arxiv . org/pdf /math/0412294vl 



[LM05] C. Lehr and M. Matignon. Automorphism groups for p- cyclic covers 
of the affine line. Compositio Mathematica, (141), 2005. 



24 



[LM06] C. Lehr and M. Matignon. Wild monodromy and automorphisms 
of curves. Duke Math. Journal, (135), 2006. 

[LRS93] P. Lockhart, M.I. Rosen, and J. Silverman. An upper bound for 
the conductor of an abelian variety. Journal of algebraic geometry, 
1993. 

[Ogg67] A. P. Ogg. Elliptic curves and wild ramification. American Journal 
of Mathematics, 89(1), 1967. 

[Ray90] M. Raynaud, p-groupes et reduction semi-stable des courbes . In 
Birkhauser, editor. The Grothendieck Festschrift, Vol. Ill, 1990. 

[Ser67] J. -P. Serre. Representations lineaires des groupes finis. Hermann, 
Paris, 1967. 

[Ser79] J.-P. Serre. Local Fields. Graduate Texts in Mathematics (67), 
1979. 

[ST68] J.-P. Serre and J. Tate. Good reduction of abelian varieties. Annals 
of Mathematics, (88), 1968. 

[Suz82] M. Suzuki. Group Theory II. Grundlehren der Mathematischen 
Wissenschaft (247), 1982. 

[Yam68] S. Yamamoto. On a property of the Basse's function in the ramifica- 
tion theory. Memoirs of the Faculty of Science, Kyushu University, 
22, 1968. 



25 



